Introduction {#S0001}
============

Lung cancer is one of the most prevalent malignant tumors, making an essential contribution to cancer mortality.[@CIT0001] Non-small cell lung cancer (NSCLC) accounts for 85% of all lung cancers.[@CIT0002] The overall prognosis of NSCLC remains very poor, with a five-year survival rate below 16%.[@CIT0003] Hence, it is imperative to dig deep into the molecular mechanism of NSCLC to guide clinical diagnosis and treatment to improve the poor prognosis of NSCLC.

Long non-coding RNAs (lncRNAs) are a type of transcripts with more than 200 nucleotides.[@CIT0004] LncRNAs are abnormally expressed in many cancers and participate in tumor initiation and development.[@CIT0005] For example, lncRNA CASC11 facilitated the progression of lung cancer via sponging microRNA-302 and elevating CDK1 expression.[@CIT0006] LncRNA HOXA-AS2 induced the development of NSCLC by targeting microRNA-216a-5p.[@CIT0007] Furthermore, lncRNA TTN antisense RNA1 (TTN-AS1) has been identified as an oncogene. For instance, lncRNA TTN-AS1 contributed to cervical cancer growth and metastasis by modulating miR-573/E2F3 axis.[@CIT0008] In papillary thyroid cancer, lncRNA TTN-AS1 expedited tumor progression via binding with miR-153-3p to up-regulate ZNRF2.[@CIT0009] Additionally, lncRNA TTN-AS1 triggered lung adenocarcinoma cell metastasis via binding to miR-4677-3p and enhancing ZEB1 expression.[@CIT0010] Nevertheless, the role of TTN-AS1 in NSCLC remains to be further studied.

MicroRNAs (miRNAs) are a kind of short non-coding RNAs with 21--25 nucleotides in length.[@CIT0011] Accumulating evidence revealed that miRNAs occupy a crucial position in many biological processes.[@CIT0012] For example, miR-199a-5p hindered cell proliferation and cell cycle via targeting MAP3K11 in NSCLC.[@CIT0013] Kang et al suggested that miR-612 repressed NSCLC development via down-regulating BRD4 expression.[@CIT0014] Moreover, emerging evidence validated that miR-491-5p was a tumor-suppressing factor in various tumors, such as colorectal cancer, osteosarcoma, and gastric cancer.[@CIT0015]--[@CIT0017] In lung cancer, miR-491-5p impeded the progression of NSCLC via targeting IGF2BP1.[@CIT0018] However, the relationship between TTN-AS1 and miR-491-5p remains unclear.

Zinc finger protein 503 (ZNF503) contributes to tumorigenesis. A previous research revealed that ZNF503 promoted the progression of hepatocellular carcinoma by repressing GATA3 and being regulated by microRNA-495.[@CIT0019] Nevertheless, the relationship between ZNF503 and miR-491-5p has not been reported.

In the current study, we detected the expression of TTN-AS1 in NSCLC tissues and cells and explored the functional effect of TTN-AS1 on NSCLC development. Furtherly, we researched the molecular mechanism of TTN-AS1 in NSCLC.

Patients and Methods {#S0002}
====================

Sample Collection {#S0002-S2001}
-----------------

Fifty NSCLC samples and adjacent normal tissues were obtained from Huaihe Hospital, Henan University. This study was authorized by the Ethics Committee of Huaihe Hospital, Henan University. All participants were informed of the purpose of this study and signed written informed consent. The clinical characteristics of NSCLC patients are summarized in [Table 1](#T0001){ref-type="table"}.Table 1Correlation Between TTN-AS1 Expression and Clinical Characteristics in NSCLC Patients (n=50)ParametersCase\
NumberTTN-AS1 Expression*P* valueLow (n=25)High (n=25)Age (years)0.7771 ≤60261412 \>60241113Tumor size0.0232\* ≤3 cm23167 \>3 cm27918TNM stage0.0080\* I--II17144 III--IV331121Lymph node metastasis0.0017\* No22175 Yes28820[^1]

Cell Culture {#S0002-S2002}
------------

NSCLC cell lines (H460, H1299, and A549) and human lung epithelial cell line BEAS-2B were obtained from American Type Culture Collection (ATCC, Manassas, VA, USA). The PC9 cell line was purchased from BinSuiBio (Shanghai, China). Cells were incubated at 37°C in Dulbecco's Modified Eagle Medium (DMEM; Solarbio, Shanghai, China) supplemented with 10% fetal bovine serum (FBS; Solarbio).

Cell Transfection {#S0002-S2003}
-----------------

Small interfering RNA (siRNA) targeting TTN-AS1 (si-TTN-AS1), siRNA against ZNF503 (si-ZNF503), siRNA negative control (si-con), TTN-AS1 overexpression vector (pcDNA-TTN-AS1), ZNF503 overexpression vector (pcDNA-ZNF503), the empty overexpression vector (pcDNA), miR-491-5p mimic (miR-491-5p) and the mimic control (miR-con) were synthesized from Ribobio (Guangzhou, China). When cell confluence reached 70%, the vectors and oligonucleotides were transfected into NSCLC cells using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA).

Lentivirus Infection {#S0002-S2004}
--------------------

Lentivirus vectors containing short hairpin RNA (shRNA) against TTN-AS1 (sh-TTN-AS1) or negative control (sh-con) were constructed by GenePharma (Shanghai, China). When cell confluence reached 70%, 1×10^6^ TU/mL lentivirus supplemented with polybrene were infected into A549 cells. Next, puromycin was used to select stable cell clones.

Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR) {#S0002-S2005}
----------------------------------------------------------

Total RNA was extracted using Trizol (Invitrogen). The cDNA was synthesized by FastQuant RT Kit (Tiangen, Beijing, China) or miScript Reverse Transcription Kit (Qiagen, Frankfurt, Germany). Then, SYBR Green PCR Master Mix (LMAI Bio, Shanghai, China) was used to perform quantitative PCR. The expression of TTN-AS1 and ZNF503 was normalized by glyceraldehyde-3-phosphate dehydrogenase (GAPDH), and miR-491-5p expression was normalized by U6. The primers were as follows: TTN-AS1-F: 5ʹ-CGGGAACAAGCCCTGTG-3ʹ, TTN-AS1-R, 5ʹ-CCGGCCCAAAGATGATG-3ʹ; miR-491-5p-F: 5ʹ-GGAGTGGGGAACCCTTCC-3ʹ, miR-491-5p-R, 5ʹ-GTGCAGGGTCCGAGGT-3ʹ; ZNF503-F: 5ʹ-CAAACTCTCCTCGGTTGCCT-3ʹ, ZNF503-R, 5ʹ-GGGTTTGGAGTACGGCTTGA-3ʹ; GAPDH-F: 5ʹ-GGAGCGAGATCCCTCCAAAAT-3ʹ, GAPDH-R, 5ʹ-GGCTGTTGTCATACTTCTCATGG-3ʹ; U6-F: 5ʹ-CTCGCTTCGGCAGCACA-3ʹ, U6-R, 5ʹ-AACGCTTCACGAATTTGCGT-3ʹ.

Western Blot Assay {#S0002-S2006}
------------------

After extracting the proteins using RIPA buffer (Solarbio), the protein samples were separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto a polyvinylidene fluoride membrane (Millipore, Billerica, MA, USA). Then, the membrane was incubated with primary antibodies (1:1000; Abcam, Cambridge, UK), followed by incubation with goat anti-rabbit secondary antibody (ab97080, 1:4000; Abcam) for 2 h at room temperature. Finally, the signal intensity was detected by enhanced chemiluminescence reagents (Millipore). The primary antibodies included ZNF503 (ab254715, Abcam), E-cadherin (ab15148, Abcam), N-cadherin (ab18203, Abcam), Vimentin (ab137321, Abcam) and GAPDH (ab9385, Abcam).

Cell Viability {#S0002-S2007}
--------------

Cells (2.0×10^3^) were injected into 96-well plates. Then, 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT) solution (Solarbio) was added to each well after incubation for 0 h, 24 h, 48 h, and 72 h. After incubation for another 4 h, dimethyl sulfoxide (DMSO; Solarbio) was added to dissolve formazan crystal. Cell viability was assessed by monitoring the absorbance at 490 nm using a Microplate Reader (Bio-Rad, Hercules, CA, USA).

Transwell Assay {#S0002-S2008}
---------------

For cell migration assay, cells were placed in the upper chamber with serum-free medium. Besides, the lower chamber was added with 10% FBS (Solarbio). After 24 h of incubation, the migrated cells were treated with methanol and stained with crystal violet for 20 min. For cell invasion assay, transwell chambers were coated with Matrigel (BD Biosciences, San Diego, CA, USA), and other method steps were followed by cell migration assay.

Dual-Luciferase Reporter Assay {#S0002-S2009}
------------------------------

The sequences of TTN-AS1 or ZNF503 3ʹUTR containing wild-type or mutant binding sites of miR-491-5p were inserted into pmirGLO vector (Promega, Madison, WI, USA) to construct WT-TTN-AS1, MUT-TTN-AS1, WT-ZNF503 or MUT-ZNF503, respectively. Then, the corresponding luciferase reporter and miR-491-5p mimic or miR-con were cotransfected into NSCLC cells. Finally, Dual-Lucy Assay Kit (Solarbio) was utilized to evaluate the luciferase activity.

Xenograft Tumor Experiment {#S0002-S2010}
--------------------------

The BALB/c nude mice used to construct xenograft models were divided into two groups (n=6 per group). A549 cells were infected with lentivirus harboring sh-con or sh-TTN-AS1, respectively. Then, A549 cells were subcutaneously injected into the left of nude mice (5-week-old). Tumor volume was measured every 7 days. Four weeks later, the xenografts were removed, photographed and weighed. The levels of TTN-AS1, miR-491-5p, and ZNF503 were detected by qRT-PCR. The protein level of ZNF503 was measured using Western blot assay. The xenograft assay was ratified by the Animal Welfare Committee of Huaihe Hospital, Henan University. Animal experiments complied with the ARRIVE guidelines and followed the National Institutes of Health Guide for the Care and Use of Laboratory Animals.

Statistical Analysis {#S0002-S2011}
--------------------

GraphPad Prism 7 software (GraphPad Inc., La Jolla, CA, USA) was executed to analyze the data. Data were expressed as mean ± standard deviation. Differences were assessed using Student's *t*-test or one-way analysis of variance (ANOVA). Spearman correlation coefficient was conducted to analyze the linear relationship. *P*\<0.05 was considered statistically significant.

Results {#S0003}
=======

TTN-AS1 and ZNF503 Were Up-Regulated in NSCLC Tissues and Cells {#S0003-S2001}
---------------------------------------------------------------

First, we examined the levels of TTN-AS1 and ZNF503 in NSCLC tissues and cells. The results suggested that TTN-AS1 expression in NSCLC tissues was strikingly increased in comparison with adjacent normal tissues ([Figure 1A](#F0001){ref-type="fig"}). Similarly, TTN-AS1 expression in NSCLC cells (H460, H1299, A549, and PC9) was drastically raised compared to human lung epithelial cell line BEAS-2B ([Figure 1B](#F0001){ref-type="fig"}). In addition, we analyzed the correlation between TTN-AS1 expression and clinical characteristics. The results showed that TTN-AS1 expression was not associated with age, but was related to tumor size, TNM stage and lymph node metastasis ([Table 1](#T0001){ref-type="table"}). Furthermore, the mRNA and protein levels of ZNF503 in NSCLC tissues were substantially higher than that in adjacent normal tissues ([Figure 1C](#F0001){ref-type="fig"} and [D](#F0001){ref-type="fig"}). Additionally, the mRNA and protein levels of ZNF503 in NSCLC cell lines were evidently elevated compared with BEAS-2B cells ([Figure 1E](#F0001){ref-type="fig"} and [F](#F0001){ref-type="fig"}). TTN-AS1 expression was positively correlated with ZNF503 expression in NSCLC tissues ([Figure 1G](#F0001){ref-type="fig"}). All these data reflected that TTN-AS1 and ZNF503 might play a crucial role in NSCLC development.Figure 1TTN-AS1 and ZNF503 were up-regulated in NSCLC tissues and cells. (**A**) The expression of TTN-AS1 in 50 pairs of NSCLC tissues and adjacent normal tissues was determined using qRT-PCR assay. (**B**) TTN-AS1 expression in NSCLC cell lines (H460, H1299, A549, and PC9) and human lung epithelial cell line (BEAS-2B) was detected by qRT-PCR. (**C** and **D**) ZNF503 expression in NSCLC tissues and adjacent normal tissues was measured by qRT-PCR or Western blot analysis. (**E** and **F**) ZNF503 expression in NSCLC cell lines and BEAS-2B cells was examined by qRT-PCR or Western blot assay. (**G**) The correlation between TTN-AS1 and ZNF503 in NSCLC tissues was analyzed by Spearman correlation analysis. Data were presented as mean ± standard deviation at least three independent experiments. \**P* \< 0.05.

Depletion of TTN-AS1 Impeded Proliferation, Migration, Invasion, and EMT of NSCLC Cells {#S0003-S2002}
---------------------------------------------------------------------------------------

To investigate the functional role of TTN-AS1 in NSCLC, TTN-AS1 expression was inhibited by transfection with si-TTN-AS1. The results of qRT-PCR exhibited that TTN-AS1 expression was remarkably reduced in the si-TTN-AS1 group compared to the control group ([Figure 2A](#F0002){ref-type="fig"}). MTT assay revealed that suppression of TTN-AS1 distinctly restrained the viability of NSCLC cells ([Figure 2B](#F0002){ref-type="fig"} and [C](#F0002){ref-type="fig"}). Transwell assay demonstrated that cell migration and invasion were prominently limited by knockdown of TTN-AS1 ([Figure 2D](#F0002){ref-type="fig"} and [E](#F0002){ref-type="fig"}). Moreover, Western blot analysis was carried out to detect the expression of EMT-related proteins, and the results showed that inhibition of TTN-AS1 resulted in an obvious increase in the epithelial marker E-cadherin and a distinct decrease in the mesenchymal markers (N-cadherin and Vimentin) in NSCLC cells ([Figure 2F](#F0002){ref-type="fig"}-[I](#F0002){ref-type="fig"}). These data demonstrated that knockdown of TTN-AS1 inhibited cell proliferation, migration, invasion and EMT in NSCLC cells.Figure 2Depletion of TTN-AS1 impeded proliferation, migration, invasion, and EMT of NSCLC cells. (**A-I**) H1299 and A549 cells were transfected with si-con or si-TTN-AS1. (**A**) TTN-AS1 expression was detected by qRT-PCR. (**B** and **C**) Cell viability was assessed by MTT assay. (**D** and **E**) Cell migration and invasion were evaluated by transwell assay. (**F--I**) The protein levels of E-cadherin, N-cadherin and Vimentin were detected by Western blot assay. Data were presented as mean ± standard deviation at least three independent experiments. \**P* \< 0.05.

Silencing of ZNF503 Hindered Proliferation, Migration, Invasion, and EMT of NSCLC Cells {#S0003-S2003}
---------------------------------------------------------------------------------------

To explore the role of ZNF503 in NSCLC, H1299 and A549 cells were transfected with si-con or si-ZNF503, respectively. The results of qRT-PCR and Western blot revealed that ZNF503 silencing effectively restrained ZNF503 expression in NSCLC cells ([Figure 3A](#F0003){ref-type="fig"} and [B](#F0003){ref-type="fig"}). MTT assay indicated that cell viability was remarkably reduced in the si-ZNF503 group compared to the si-con group ([Figure 3C](#F0003){ref-type="fig"} and [D](#F0003){ref-type="fig"}). Transwell assay exhibited that cell migration and invasion were conspicuously suppressed in NSCLC cells transfected with si-ZNF503 compared to the si-con group ([Figure 3E](#F0003){ref-type="fig"} and [F](#F0003){ref-type="fig"}). Additionally, the level of E-cadherin was markedly increased, and the levels of N-cadherin and Vimentin were especially decreased in the si-ZNF503 group compared with the si-con group ([Figure 3G](#F0003){ref-type="fig"}-[J](#F0003){ref-type="fig"}). These data demonstrated that ZNF503 knockdown restrained cell proliferation, migration, invasion and EMT in NSCLC cells.Figure 3Silencing of ZNF503 hindered proliferation, migration, invasion, and EMT of NSCLC cells. (**A--J**) H1299 and A549 cells were transfected with si-con or si-ZNF503. (**A** and **B**) ZNF503 expression was measured by qRT-PCR or Western blot assay. (**C** and **D**) MTT assay was used to evaluate cell viability. (**E** and **F**) Transwell assay was performed to examine cell migration and invasion. (**G--J**) The protein levels of E-cadherin, N-cadherin and Vimentin were measured using Western blot assay. Data were presented as mean ± standard deviation at least three independent experiments. \**P* \< 0.05.

Overexpression of ZNF503 Abrogated the Inhibitory Effect of TTN-AS1 Depletion on NSCLC Progression {#S0003-S2004}
--------------------------------------------------------------------------------------------------

Firstly, inhibition of TTN-AS1 dramatically reduced the protein level of ZNF503, and overexpression of TTN-AS1 significantly enhanced the protein level of ZNF503 ([Figure 4A](#F0004){ref-type="fig"} and [B](#F0004){ref-type="fig"}). We also found that the protein expression of ZNF503 was strikingly elevated in NSCLC cells transfected with pcDNA-ZNF503 compared to the pcDNA group ([Figure 4C](#F0004){ref-type="fig"}). In addition, to investigate the role of TTN-AS1 and ZNF503 in NSCLC progression, H1299 and A549 cells were transfected with si-con, si-TTN-AS1, si-TTN-AS1+pcDNA or si-TTN-AS1+pcDNA-ZNF503, respectively. MTT assay suggested that knockdown of TTN-AS1 substantially impeded cell viability, while this effect was reversed by up-regulating ZNF503 expression ([Figure 4D](#F0004){ref-type="fig"} and [E](#F0004){ref-type="fig"}). Transwell assay confirmed that depletion of TTN-AS1 evidently hindered cell migration and invasion, whereas this effect was restored after transfection with pcDNA-ZNF503 ([Figure 4F](#F0004){ref-type="fig"} and [G](#F0004){ref-type="fig"}). Furthermore, TTN-AS1 silencing led to a distinct increase in the expression of E-cadherin and a marked decrease in the levels of N-cadherin and Vimentin, which were reversed by transfection with ZNF503 overexpression ([Figure 4H](#F0004){ref-type="fig"}-[K](#F0004){ref-type="fig"}). Taken together, these data demonstrated that up-regulation of ZNF503 could abrogate the inhibitory effect of TTN-AS1 knockdown on NSCLC progression.Figure 4Overexpression of ZNF503 abrogated the inhibitory effect of TTN-AS1 silencing on NSCLC progression. (**A** and **B**) The protein expression of ZNF503 was measured in H1299 and A549 cells transfected with si-con, si-TTN-AS1, pcDNA or pcDNA-TTN-AS1, respectively. (**C**) The protein level of ZNF503 was detected in H1299 and A549 cells transfected with pcDNA or pcDNA-ZNF503. (**D--K**) H1299 and A549 cells were transfected with si-con, si-TTN-AS1, si-TTN-AS1+pcDNA or si-TTN-AS1+pcDNA-ZNF503, respectively. (**D** and **E**) Cell viability was analyzed by MTT assay. (**F** and **G**) Cell migration and invasion were estimated by transwell assay. (**H--K**) The protein levels of E-cadherin, N-cadherin and Vimentin were examined by Western blot assay. Data were presented as mean ± standard deviation at least three independent experiments. \**P* \< 0.05.

TTN-AS1 Targeted miR-491-5p to Regulate the Expression of ZNF503 {#S0003-S2005}
----------------------------------------------------------------

In order to explore the underlying molecular mechanisms of TTN-AS1 in NSCLC, the starBase v2.0 online database predicted that TTN-AS1 and miR-491-5p had putative binding sites ([Figure 5A](#F0005){ref-type="fig"}). Besides, dual-luciferase reporter assay was applied to verify the interaction between TTN-AS1 and miR-491-5p. The results confirmed that cotransfection of miR-491-5p mimic and WT-TTN-AS1 prominently reduced the luciferase activity in H1299 and A549 cells ([Figure 5B](#F0005){ref-type="fig"} and [C](#F0005){ref-type="fig"}). The expression of miR-491-5p was observably reduced in NSCLC tissues and cells ([Figure 5D](#F0005){ref-type="fig"} and [E](#F0005){ref-type="fig"}). Spearman correlation analysis manifested that TTN-AS1 expression was negatively associated with miR-491-5p expression ([Figure 5F](#F0005){ref-type="fig"}). Subsequently, TTN-AS1 silencing observably facilitated miR-491-5p expression, and TTN-AS1 overexpression predominantly restrained miR-491-5p expression ([Figure 5G](#F0005){ref-type="fig"}). Furtherly, we also analyzed the relationship between miR-491-5p and ZNF503. The starBase2.0 online database predicted that miR-491-5p and ZNF503 3ʹUTR had putative binding sites ([Figure 5H](#F0005){ref-type="fig"}). Dual-luciferase reporter assay validated that miR-491-5p mimic dramatically decreased the luciferase activity of WT-ZNF503, which was restored after transfection with pcDNA-TTN-AS1 ([Figure 5I](#F0005){ref-type="fig"} and [J](#F0005){ref-type="fig"}). Moreover, the expression of miR-491-5p and ZNF503 was negatively correlated in NSCLC tissues ([Figure 5K](#F0005){ref-type="fig"}). Additionally, the protein level of ZNF503 was obviously reduced in the miR-491-5p group compared with the miR-con group, whereas this effect was abolished by up-regulating TTN-AS1 expression ([Figure 5L](#F0005){ref-type="fig"} and [M](#F0005){ref-type="fig"}). These data disclosed that TTN-AS1 modulated ZNF503 expression via sponging miR-491-5p in NSCLC cells.Figure 5TTN-AS1 targeted miR-491-5p to regulate the expression of ZNF503. (A) The predicted binding sites between TTN-AS1 and miR-491-5p were shown. (**B** and **C**) Dual-luciferase reporter assay was conducted to validate the relationship between TTN-AS1 and miR-491-5p. (**D** and **E**) The expression of miR-491-5p was measured in NSCLC tissues and cells by qRT-PCR. (**F**) Spearman correlation analysis was performed to analyze the correlation between TTN-AS1 and miR-491-5p in NSCLC tissues. (**G**) The expression of miR-491-5p was detected in NSCLC cells transfected with si-con, si-TTN-AS1, pcDNA or pcDNA-TTN-AS1, respectively. (**H**) The putative binding sites between miR-491-5p and ZNF503 3ʹUTR were exhibited. (**I** and **J**) Dual-luciferase reporter assay was carried out to confirm the relationship between miR-491-5p and ZNF503. (**K**) The correlation between miR-491-5p and ZNF503 in NSCLC tissues was assessed. (**L** and **M**) The expression of ZNF503 was measured in NSCLC cells transfected with miR-con, miR-491-5p, miR-491-5p+pcDNA or miR-491-5p+pcDNA-TTN-AS1, respectively. Data were presented as mean ± standard deviation at least three independent experiments. \**P* \< 0.05.

Knockdown of TTN-AS1 Blocked Tumor Growth in vivo {#S0003-S2006}
-------------------------------------------------

To evaluate the effect of TTN-AS1 on NSCLC tumorigenesis in vivo, we established a xenograft model. Firstly, A549 cells transfected with sh-con or sh-TTN-AS1 were subcutaneously injected into the left of nude mice. Compared with the negative control group, tumor volume and weight in the sh-TTN-AS1 group were prominently decreased ([Figure 6A](#F0006){ref-type="fig"}-[C](#F0006){ref-type="fig"}). The levels of TTN-AS1, miR-491-5p and ZNF503 were examined by qRT-PCR. The results indicated that the levels of TTN-AS1 and ZNF503 were remarkably reduced, while the expression of miR-491-5p was drastically increased in the sh-TTN-AS1 group compared to the negative control group ([Figure 6D](#F0006){ref-type="fig"}). Similarly, the protein level of ZNF503 was overtly decreased in the sh-TTN-AS1 group compared with the sh-con group ([Figure 6E](#F0006){ref-type="fig"}). Thus, these data concluded that TTN-AS1 knockdown suppressed tumor growth in vivo.Figure 6Knockdown of TTN-AS1 blocked the tumor growth in vivo. A549 cells were transfected with sh-con or sh-TTN-AS1. (**A**) Tumor volume was examined every 7 d. (**B** and **C**) After four weeks, the mice were sacrificed and the tumors were dissected, photographed and weighed. (**D**) The expression levels of TTN-AS1, miR-491-5p, and ZNF503 were detected by qRT-PCR. (**E**) The protein expression of ZNF503 was measured using Western blot analysis. Data were presented as mean ± standard deviation at least three independent experiments. \**P* \< 0.05.

Discussion {#S0004}
==========

Emerging evidence has demonstrated that lncRNAs mediate tumor invasion and metastasis to act as promising biomarkers in tumor therapy.[@CIT0020] For example, Qu et al revealed that lncRNA CASC19 facilitated the development of NSCLC by sponging miR-130b-3p and increasing ZEB2 expression.[@CIT0021] Ge et al indicated that lncRNA ZFAS1 contributed to NSCLC growth by binding to microRNA-193a-3p.[@CIT0022] Previous investigations suggested that the expression of TTN-AS1 was overtly elevated in many cancers, including lung cancer.[@CIT0010] Dong et al found that lncRNA TTN-AS1 facilitated gastric cancer tumorigenesis through sponging miR-376b-3p.[@CIT0023] Moreover, lncRNA TTN-AS1 induced lung adenocarcinoma progression by regulating miR-142-5p/cyclin-dependent kinase 5 (CDK5) axis.[@CIT0024] What's more, lncRNA TTN-AS1 contributed to the development of lung adenocarcinoma via inhibiting the level of PTEN protein and activating the PI3K/AKT pathway.[@CIT0025] Previous studies have clarified the role of TTN-AS1 in lung adenocarcinoma. However, this study revealed that TTN-AS1 was highly expressed and promoted tumor progression by regulating cell proliferation, migration, invasion and EMT in NSCLC.

LncRNAs could function as competing endogenous RNAs to repress the expression of target genes.[@CIT0026] Additionally, it has been reported that miRNAs bound to the 3ʹUTR of the target genes, thereby impeding mRNA expression.[@CIT0027] Hence, the online database was used to predict the targets of TTN-AS1. In previous studies, miR-491-5p was a tumor inhibitor and undermined tumor growth and progression by down-regulating JMJD2B in gastric cancer.[@CIT0028] MiR-491-5p restricted tumorigenesis and growth via directly binding to Notch3 3ʹUTR in nasopharyngeal carcinoma.[@CIT0029] In cervical cancer, miR-491-5p repressed tumor development via enhancing hTERT and modulating the PI3K/AKT pathway.[@CIT0030] More importantly, miR-491-5p blocked cell proliferation and invasion via targeting IGF2BP1 in NSCLC.[@CIT0018] According to the existing researches, miR-491-5p was selected as the research target. Consistent with previous studies, miR-491-5p was down-regulated in NSCLC. Furthermore, our research first confirmed the targeting relationship between TTN-AS1 and miR-491-5p, and speculated that TTN-AS1 modulated NSCLC development via sponging miR-491-5p.

ZNF503 is an evolutionarily conserved zinc finger protein.[@CIT0031] Recent evidence suggested that miR-340-5p hindered non-small cell lung cancer progression through degradation of ZNF503.[@CIT0032] In the current study, ZNF503 was distinctly up-regulated in NSCLC. More importantly, ZNF503 overexpression reversed the inhibitory effect of TTN-AS1 depletion on NSCLC progression. Besides, TTN-AS1 regulated ZNF503 expression via sponging miR-491-5p in NSCLC cells.

Conclusion {#S0005}
==========

In conclusion, TTN-AS1 facilitated NSCLC progression via sponging miR-491-5p and elevating ZNF503 expression. Therefore, lncRNA TTN-AS1 might be a potential therapeutic target for lung cancer treatment.

Highlights {#S0006}
==========

TTN-AS1 and ZNF503 were up-regulated in NSCLC tissues and cells.Knockdown of TTN-AS1 or ZNF503 inhibited NSCLC progression.TTN-AS1 promoted NSCLC progression by regulating ZNF503.TTN-AS1 targeted miR-491-5p to elevate ZNF503 expression.TTN-AS1 facilitated tumor growth in vivo.
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[^1]: **Note:** \**P* \< 0.05.
